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Drug Spotlight 



Corticosteroid Therapy 

I. Pharmacological Properties 

and Principles of Corticosteroid Use 

David H. P. Streeten, MB. 0 Phil. MRCP 



SINCE cortisone and corticotropin 
iirst became available more than 25 
years a:jo. these agents, and partic- 
ularly the newer synthetic cortico- 
steroidi.. have established an impor- 
;ant place i'or themselves in the 
therap) of a wide variety of disorders 
falling within the purview of vir- 
tually every branch of medical prac- 
tice. Surprisingly, however, there is 
still uncertainty about the rele of 
steroid \herapy in several specific dis- 
i :ise st Ues. There are also some im- 
portant rece nt advances of a practical 
nature i.hat make it worthwhile to re- 
view the nHnlern use of steroid ther- 
apy in clinical practice. 

PHARMACOLOGICAL PROPERTIES 

Corticosteroids have widely differ- 
ing actions on the tissues and fluids of 
the body, and many of their effects 
may be considered therapeutically 
tuiuab'.e n cue patient and unwar- 
ranted side effects in another. Thus, 
the eff<. ct of raising blood glucose lev- 
els mav* Ih.* an important reason for 
using i glucocorticoid in a patient 
with adrenal insufficiency or, tempo- 
nirily, in un individual with an islet 
cell ad i! noma of the pancreas, yet may 
in? disadvantageous in aggravating 
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latent diabetes mellitus in other pa- 
tients. 

General Actions of Corticosteroids 

Anti-inflammatory and Antiallergic 

Actions.-Steroids nonspecifieally in- 
hibit the inflammatory effects of 
many noxious agents, including mi- 
croorganisms, chemical or thermal ir- 
ritants, trauma, and allergens. The 
an ti- inflammatory actions of cortico- 
steroids comprise ( 1) reduction of the 
exudation of leukocytes and plas- 
ma constituents, thereby lessening 
edema; (2) maintenance of cellular 
membrane integrity with consequent 
prevention of . excessive swelling of 
the cells; (3) inhibition of lysozyme re- 
lease from granulocytes and inhibi- 
tion of phagocytosis in other ways; 
and (4) stabilization of the mem- 
branes of the intracellular lysosomes, 
which contain hydrolytic enzymes ca- 
pable of cell digestion and extension 
of inflammatory tissue damage. The 
fibroblastic proliferation, which fol- 
lows inflammation as part of the re- 
parative process and tends to localize 
infection, is greatly reduced by corti- 
costeroids that may thus potentiate 
the spread of an infection, or may be 
beneficial in preventing the adverse 
consequences of excessive fibrosis. 
Corticosteroids in usual clinical doses 
also impair cellular immune rer 
sponses, such as the deiayed-type skin 
reactions to tuberculin and histoplas- 
min, and in massive doses they may 



have some effect on antil>ody forma- 
tion, though this has not yet bn-:i 
clearly demonstrated in man. TV-f- 
actions may predispose individual* 
treated with large doses of corti«»> 
steroids to repeated infections. but 
may also be the basis of the therapeu- 
tic efficacy of steroids in autoimmune 
disorders and in suppressing the in- 
flammatory response of the recipient 
to organ transplants. 

Effects on Protein and Carbohydrate 
MetaboItsm.-The glucocorticoids in- 
hibit the transport of amino acids 
into muscle and reduce new protein 
synthesis (antianabolic effect). The 
utilization of amino acids by the liver 
' for glucbneogenesis requires the pres- 
ence of Cortisol, and this effect of 
glucocorticoids is an important com- 
ponent of the physiological adjust- 
ments that maintain the level of 
blood giucose during starvation. En- 
hancement of gluconeogenesis proba- 
bly also contributes to the diabeto- 
genic side effects of steroid therapy. 

Steroid Actions on Water and Elec- 
trolytes.-All of the corticosteroids 
tend to cause hypokalemia by increas- 
ing urinary losses of potassium. Sta- 
dium retention is potentiated very 
strikingly by the mineralocorticoitls 
(aldosterone, fludrocortisone, deoxy- 
corticosterone), slightly or moder- 
ately by the natural glucocorticoids 
(hydrocortisone, corticosterone), and 
negligibly by most of the synthetic 
glucocorticoids (prednisone, predniso- 
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lone. de.*u met h::sonc). while u few 
sion»iiis actuall> enhance sodium ex- 
cretion ; triamcinolone. t>etametha- 
soru\ n^Lhyiprednisolono). The min- 
eraU-o:i iooids tend to enhance 
retention i>f wa:er together with so- 
dium. I>u; the glucocorticoids (except 
con : ci * crone) increase free- water 
elearatuv and promote water excre- 
tion in lo.an, par:ly by inhibiting the 
release »-f antidiuretic hormone and 
partly perhaps Iiy a direct action on 
i ho rviut! tuhulo. Those actions and 
redaction of th«; cellular water con- 
tent .-or tribute to the mechanisms 
whi*:\ii\ Ceroid therapy restores the 
sen: m >-iiiuin tomvnt ration to nor- 
r.ia'i whe-i administered to patients 
with ;t'!:\ -r.al iniuificu ncy. Edema, a 
relatively frequent side effect of 
tre:.: with .•ortisono, is seldom 
soon wii. the ..yiUhrtic steroids are 
Umv. 

.*t.-'i!.C" «*n flu- L>ur. I Nervous Sys- 
••Hi. —.I;.:. ■••^nrtii-*iid.s increase the ex- 
»-i :;:!-;!:: the brain cortex, perhaps 
!»y ir.c!\*:sir.g the sodium content of 
i In- g:.::::ii<m -;clU. Elect roe nee ph- 
aloirraph'.o .slowing seen in adrenal 
in.HuiiU-ii in y is corrected by hy- 
drocortL-im-. Excessive doses of 
g:uco< -..irticoids bwer the threshold to 
electric shock in. animals and may in- 
m*a>e :ho frequency of convulsive 
pi'i/.:iros :n human patients who haw 
. pi].':»<y. Must of the glucocorticoids 
ux.e ; : . riamc:m>li»!ie» tend to in- 
eroiise apootite and this effect may bo 
eons =( len d l*cnetici;:l or deleterious 
dopct:di.:g on whether the patient is 
anorexic or has a tendency to obesity. 

KttVcis on the BUmhJ Ccils.-G:uco- 
corticoids have important effects on 
the lym^iu-cytit . granulocytic, eryth- 
•ocytii*. :;"d ti nnniMHrytic systems: 
lymphivytic tissues ;;re suppressed, 
and iho :iumbe:-s of circulating lym- 
phM'-yte-s ^re c minished. These ac- 
tio us :';>;•: u :he basis of the clinical use 
of si or; 'id :hera>y in lymphocytic leu- 
kemics r.r.d lymphosarcoma. Hydro- 
cortisone and ii s analogues also sup- 
press ;;;e phag-x-ytic activity of the 
rvii>'u!oi'i:dotheiiai system. 

All ;t -ive actions institute the ra- 
tionale :'»-r the us*- of corticosteroid 
therapy in proonging the life-span 
of platelets ii throml>ocytopenia. 
of granulocytes in some gran- 
ulocytopenias, and of erythrocytes in 



patients with autoimmune hemolytic 
anemia. 

DIFFERENCES 

The anti- inflammatory potencies of 
the glucocorticoids are approximately 
equal when these agents are used in 
the same multiples of the doses con- 
tained within the commonly dis- 
pensed tablets. Thus, 25 mg of cor- 
tisone is roughly equivalent in 
glucocorticoid effect to 20 mg of 
hydrocortisone, 5 mg of prednisone . 
or prednisolone, 4 mg of me thy 1- 
prednisolone or triamcinolone, 0.75 
mg of dexamethasone, and 0.6 mg of 
betamethasone. There are differences 
in the duration of action of the corti- 
costeroids that are of therapeutic im- 
portance, particularly when alter- 
nate-day therapy is used. 

Parenteral Therapy 

When steroids are administered in- 
tramuscularly, the rapidity of onset 
of therapeutic effects is directly re- 
lated to the solubility of the com- 
pounds used. The highly water-sol- 
uble esters (hydrocortisone sodium 
succinate, hydrocortisone sodium 
phosphate, methyl prednisolone so- 
dium succinate, dexamethasone so- 
dium phosphate) are rapidly al>~ 
sorbed, producing high blood levels 
within 15 to :?0 minutes. The water- 
soluble hydrocortisone osiers are rap- 
idly metallized, so that therapeuti- 
cally effective blood levels cannot 
be maintained unless these com- 
pounds are given approximately ev- 
ery two hours intramuscularly or, 
preferably, by continuous intra- 
venous infusion. When the most in- 
tense anti- inflammatory effect is de- 
sired, it is best to give one of the 
water-soluble cortieoids by intra- 
venous injection (eg, 100 mg of hydro- 
cortisone), followed by a constant in- 
travenous infusion, usually in doses 
equivalent to 10 to 15 mg of hydro- 
cortisone per hour, in 5% dextrose or 
0.9% saline solution. 

Unesterified hydrocortisone (or hy- 
drocortisone with free alcohol) when 
administered intramuscularly as an 
aqueous suspension (eg, Cortef) es- 
tablishes therapeutically useful hloi»d 
levels within three to four hours that 
can conveniently be maintained by 
six-hourly injections. Cortisone ace- 



tate is less water soluble and at 
present has little to commend its 
parenteral use. The acetates of 
hydrocortisone, prednisolone, mothyl- 
prednisolone, and triamcinolone have 
such low aqueous solubility that they 
are most suitable for producing sus- 
tained local action by injection into 
inflamed joints, bursae, and tendon 
sheaths, or into keloids and other local 
inflammatory and fibrotic lesions. Oc- 
casionally these agents are useful 
when relatively low steroid biood lev- 
els are adequate and when intramus- 
cular injections at prolonged inter- 
vals are preferable to daily oral 
administration (eg. in unreliable pa- 
tients). For topical application to 
the skin, lotions, creams, and oint- 
ments containing hydrocortisone, 
triamcinolone, or betamethasone are 
most frequently used. Drops of 
aqueous solutions of water-soluble es- 
ters of hydrocortisone, prednisolone, 
dexamethasone, betamethasone, and 
triamcinolone are commonly used in 
inflammatory disorders of the eyes. 

The 11- hydroxy I radical is neces- 
sary for most glucocorticoid effects. 
Those steroids that lack this radical 
at the C-ll position have little or no 
demonstrable local therapeutic action 
when applied to the joints, the skin, 
or the eyes. Since the 11-ketone group 
of prednisone and cortisone is rapidly 
and efficiently convert oil to an U-hy- 
droxyl group, mainly in the liver, 
prednisone and cortisone are almost 
as effective as prednisolone ami hy- 
drocortisone, respectively, when used 
systemically, as long as this hepatic 
function is unimpaired in the patient. 

When it is imperative that sodium 
retention be avoided and sodium ex- 
cretion potentiated-as in patients 
with congestive heart failure and 
other conditions associated with 
edema-triamcinolone or betametha- 
sone are the drugs of choice. On the 
other hand, these drugs should not be 
used in patients with sodium deple- 
tion or hyponatremia. 

Patients sometimes consider that 
one glucocorticoid is more efficacious 
than another when given in seem- 
ingly equi potent doses. Thus, occa- 
sionally an asthmatic patient will 
claim that he experiences great 
symptomatic relief from triam- 
cinolone or betamethasone and rela- 
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liwiy littb* help from prednisolone. 
T!v objectivity of these claims and 
Lhv ji.'Ssihlo u:nk riving mechanisms 
hav.' never been established but are 
proial.ly worthy of future investiga- 
tion. 

GENERAL PRINCIPLES 
OF CORTICOSTEROID THERAPY 

L'.<r corticosteroid therapy only 
whvii a diagnosis has been established 
and when iess harmful forms of the r- 
ap : t have jtiled. In many nonspecific 
ini'.ammatory disorders, the physician 
is frequently tempted to start cortico- 
steroid therapy before a specific diag- 
nosis has i:-een made. In general, this 
should be avoided unless and until all 
potentially useful diagnostic proce- 
dures ha\a Iwen applied or unless 
tln'iv is ovidriuo of rapid deteri- 
oration tint l-eeomcs dangerous or 
11 ft- -threatening. 

the <»t(t /«i at therapeutically ef- 
fect, ■'• d>s*\ Corticosteroid drugs 
should always be administered in a 
dost- and -y a route that will provide 
accurate the raped tic effect with a 
minimum of therapeutically undesir- 
able "sidi: effects/' Whenever phar- 
macological doses of corticosteroids 
are need-rd to produce therapeutic 
benefit, the physician should be con- 
st ant iy a^vare of the need to reduce 
dosage and to determine whether a 
smaller d:>se might be equally effec- 
tive. Knowledge of the usual time- 
course of the disease that is. to be 
treated and careful supervision of the 
patient a-e dearly essential in order 
to avoid initiating a flare-up of. the 
disorder i.nder treatment by tapering 
dosage ti>o rapidly or by too large 
do* re mer.ts. Sometimes empiricism- 
using the experience gained in the in- 
dividual patient -is the most satis- 
factory fctridc to an optimal dosage 
schedule. As part of the attempt to 
use the ;mallest doses possible, the 
physiciar is weil advised to apply cor- 
ticosteroids locally to the affected 
parts tejj, skin, bursae, joints) when- 
ever pra< ticablt*. 

Use a.ternntc-day therapy when* 
ert r pustiblc. An important advance 
in corticosteroid therapy for many 
disorder? was made when Harter and 
co-workers 1 showed that intermittent 
(ie, less Irvquent than once daily) ad- 
ministration of glucocorticoids fre- 



quently has the desired therapeutic 
effect with diminished side effects 
and less pituitary-adrenal suppres- 
sion. These authors have emphasized 
the following important points: 

(i) Alternate-day therapy usually re- 
quires that the hypothahmit^ pituitary-ad- 
renal axis be functioning normally. Thus, 
individuals in whom this axis has been 
profoundly suppressed by previous long- 
term, daily corticosteroid therapy, will usu- 
ally have to suffer considerable discomfort 
on the days off treatment for several 
months before the full advantages of the 
method are realized. While waiting fur the 
pituitary -adrenal axis to recover from its 
previous suppression, it is usually neces- 
sary to (rive on alternate days two, three, 
or four times the previous total daily dose. 
During the subsequent months, this dosage 
can then be gradually reduced. 

(ii) It is usually advisable to control the 
disorder under treatment with mrtwo- 

• steroid administered frequently or contin- 
uously each day for a few ilays. When the 
asthma, rheumatoid arthritis, lupus er- 
ythematosus or other condition has been 
clearly under good control for a few days, 
and before suppression of the pituitary-ad- 
renal axis has passed beyond the stage of 
transience, alternate-day maintenance 
therapy should Im? initiated, starting with 
approximately twice the initial total daily 
dose on alternate days, and decreasing or 
increasing this alternate-day dosage as re- 
quired by evidence of continuing control of 
the underlying disease. 

(iii) In alternate-day therapy the corti- 
costeroid should be given in the morning 
before breakfast. 

(iv) Steroids of relatively short half-life 
must be used in order to accomplish the po- 
tential advantages of alternate-day ther- 
apy. Thus, prednisolone is very effective, 
but, probably because of its longer half- 
life, dexamethasone suppresses the pitui- 
tary-adrenal axis for too prolonged a 
period to allow for its beneficial use in al- 
ternate-day therapy. 

Teach patients about the need for 
higher steroid (foxes during "stress" 
No patient should be given corti- 
costeroid therapy for more than a 
few weeks without l*eing thoroughly 
indoctrinated in the need to in- 
crease corticosteroid dosage during 
"stresses." The spouse or clusesL rela- 
tive or friend, and the patient, should 
understand that increased dosage is 
required during "stress," whether or 
not the patient is well enough to ap- 
preciate the presence of the "stress** 
himself/herself, and that the higher 



dosage might well make all the dif- 
ference between a a* turn to health 
and further deterioration of his nut* 
dition or even death. In addition, ev- 
ery patient receiving long-term corti- 
caste mid therapy should U* given a \ 
card to be kept on his/her person at I 
all times, containing the in formal inr. * 
shown in the Figure. Many lives have j 
been unnecessarily lost liecausc these i 
-educational" requirements for pa- ■ 
tients being administered cortico- \ 
steroid therapy were not met. 

DOSAGE-REDUCTION 
AND CESSATION OF THERAPY 

When it is deemed necessary or ad- 
visable to reduce the dosage or to stup 
corticosteroid therapy completely, 
several important points should lie 
observed: 

Dosage should be tapered, a* n\\>- 
idly as possible without allowing the 
underlying disorder to relapse. If the 
disease under treatment "flares up." 
the corticosteroid dosage should be 
raised at least to the level in use be- 
fore the reduction that caused the re- 
lapse. In general, pharmacological 
doses can be reduced without consid- 
ering anything other than relapse of 
the disorder under treatment until 
the maintenance dosage required for 
an individual under the "stress" of 
the particular disorder being treated 
has been reached. For instance, in a 
patient who has received 40 mg of 
prednisone daily for six years for 
rheumatoid arthritis, the dosage can 
usually Ih? reduced by 5- or 10- mg 
decrements every two to six days, 
while the physician watches for an 
exacerbation of the arthritis, until a 
total daily dose of 5 to 10 mg has been 
reached. 

Once a daily dose that is equivalent 
to 5 to 10 mg of prednisone has been 
reached, further reduction in dosage 
may be rapid only if the duration of 
corticosteroid therapy has been short 
(< 6 to 12 months) or the dosage small 
(< 10 mg of prednisone daily). In such 
patients, corticosteroid therapy may 
frequently be terminated abnptly or 
after tapering the dosage for a few 
days without adverse consequences, 
since the unsuppressed hypothalamic- 
pituitary- adrenal system will rapidly 
resume normal activity. However, if 
corticosteroid therapy has i>een pro- 
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Card for Patient on Corticosteroid Therapy 

Mr. 
Mrs. 

M:SS is being treated for _[disprderj 

with _ icortjcost^rojdL in a dose of idosej. . in the 

event of "stress", the steroid dosage should be increased thus: 
i. Mild "Stress " (eg. common cold, single dental extraction, 
mild trauma): use double doses daily. 

Moderate "Stress " (eg, flu. surgery under local anesthesia, 
several dental extractions): use hydrocortisone, 100 mg, or 
prec nisolone. 20 mg. or dexamethasone, 4 mg daily. 

C'u Severe "Stress " (eg, general surgery, pneumonia or otner 
syst jmic infections, high fever, severe trauma): use hydro- 
cort sone. 200 mg, or prednisolone, 40 mg, or dexamethasone 
8 rrvi dai'y. 

V/hen vomiting or diarrhea precludes absorption of oral doses, 
give dexamethasone 1 to 4 mg intramuscularly every 6 hours. 

(Signed) Mn 

(Address) 



iontfcti or th: dosage high, one should 
oxptvi that the patient's hy]xnhala- 
mic-pituitar /-adrenal system is in a 
si:itr -.if pro; on iii I suppn»ssion, protm- 
Uh iiivoivin; morphological atrophy. 
In ! .::ese circumstances, prolonged 
^r;:.i.:.ii tapering of corticosteroid 
dosair*' over many months is neces- 
sary, since lull regeneration of nor- 
mal :'u notion wiii require the passage 
ot <* to 12 mo n ins, at least.- There are 



many acceptable ways of tapering 
corticosteroid dosage finm main- 
tenance levels (ie, approximately 5 
me; of prednisone daily) to zi-ro. One 
way is to lower tho dosage every one 
to two months hy decrements uf I mg 
of prednisone per day. This allows the 
occurrence of symptomaiically mild 
degrees of adrenal insufficiency that 
stimulate gradual regeneration of 
hypothalamic-pituitary-adrenal func- 



tion over many months. When in- 
tercurrent "stresses" (infections, 
trauma, surgical procedures) occur, 
full doses (Figure) should be resumed 
until the "stress" has subsided and ta- 
pering of dosage resumed thereafter. 
The usefulness of corticotropin ther- 
apy, aimed at restoring the mass and 
functional capacity of the adrenals, 
has been widely debated and is open 
to considerable doubt, since the most 
obstinate block after prolonged corti- 
costeroid therapy is not at the level of 
the adrenal responses to corticotropin 
but is in the ability of the hypothala- 
mic-pituitary unit to resume re i ease 
of adequate amounts of corticotropin. 
This block cannot be corrected, and, 
in fact, is probably worsened by the 
use of corticotropin therapy during 
attempts to stop long-term cortico- 
steroid therapy. 

When corticosteroid treatment has 
finally been stopped, it is important 
to appreciate that patients are sus- 
ceptible for several months ;o pitui- 
tary-adrenal i nsutli ci -.'n cy if sui >jeci ed 
to "stress." For at least one year af- 
ter any course of corticosteroid ther- 
apy that has lasted longer than three- 
months, it is advisable to administer 
appropriate doses oi corticosteroids 
(Figure) in the presence of infections, 
trauma, surgical operations, or other 
"stresses." 
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